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The beam-spin asymmetry in hard electroproduction of photons has been measured for the rst
time. The data have been accumulated by the HERMES experiment at DESY using the HERA
27.6 GeV longitudinally polarized positron beam and an unpolarized hydrogen gas target. The
asymmetry in the azimuthal distribution of the produced photons in the angle φ relative to the
lepton scattering plane was determined with respect to the helicity state of the incoming positron
beam. The beam-spin analyzing power in the sin φ moment was measured to be -0.23 ± 0.04(stat)
± 0.03(syst) in the missing-mass range below 1.7 GeV. The observed asymmetry is attributed to
the interference of the Bethe-Heitler and deeply-virtual Compton scattering processes.
PACS numbers: 13.60.Hb, 13.60.Le, 13.60.-r, 24.85.+p
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The internal structure of the nucleon has been exten-
sively studied in deep-inelastic lepton scattering, result-
ing in such measurements as the momentum distributions
of quarks and their helicity dependences. The contribu-
tion of the quark spins to the nucleon spin was found to
be small. Recently a possibility was identied to study
experimentally the total contributions of partons to the
nucleon spin, including their orbital angular momenta.
This idea is based on the formalism of the so-called
skewed parton distributions (SPD) (also referred to as
o-forward or generalized parton distributions in the lit-
erature [1{4]). In this formalism dynamical correlations
between partons with dierent momenta are taken into
account. The SPD framework embodies a wide range of
observables, such as electromagnetic form factors, con-
ventional parton distributions and hard exclusive cross
sections. In particular, sum rules [4{6] relate second mo-
ments of certain SPDs with the total angular momenta
of the quarks and of the gluons in the nucleon.
A reaction that can be cleanly interpreted in terms
of SPDs is deeply-virtual Compton scattering (DVCS),
i.e. the exclusive leptoproduction of a single multi-GeV
photon with the target nucleon remaining intact. Un-
fortunately, experimental information on DVCS is scant.
A central issue is that it is impossible to distinguish be-
tween photons originating from DVCS and those from the
Bethe-Heitler (BH) process, which can be much more co-
pious. The corresponding diagrams are shown in Fig. 1.
However, the interference between the DVCS and BH
processes can be exploited in order to obtain information
on DVCS amplitudes. For that purpose the HERMES
collaboration has measured the beam-spin asymmetry in
hard exclusive electroproduction of photons. The data
obtained are presented in this paper.
Using the notation of Ref. [7], the cross section for









where x represents the Bjorken scaling variable, y = ν/E
the fraction of the incident lepton energy E carried by the
virtual photon, ν its energy and −Q2 its four-momentum
squared, m the proton mass, and τBH and τDVCS are the
BH and DVCS amplitudes. The cross section shown is
dierential in x, Q2, φ and t, where the azimuthal angle
φ is the angle between the lepton scattering plane and
the plane dened by the virtual and real photons, and t
represents the square of the four-momentum transfer to
the target.
In Ref. [7] expressions are given for the DVCS+BH
cross sections in leading order O(1/Q). (An alternative
approach can be found in Ref. [8], for instance.) The
leading-order interference term that depends on the he-
licity of the incident lepton is
(b)(a)
FIG. 1. (a) Feynman diagram for deeply-virtual Compton
scattering, and (b) photon radiation from the incident and



















The quantity ~M1;1 is the linear combination of DVCS
helicity amplitudes that contributes in the case of a po-
larized beam and an unpolarized target. The interference
is seen to depend on the azimuthal angle φ, the sign of
the lepton charge el , and the polarization Pl of the in-
cident lepton. The kinematic quantity  is the polariza-
tion parameter of the virtual photon. A determination
of the sinφ-moment of the asymmetry of the interference
term shown in Eq. (2) with respect to the beam polariza-
tion provides information on the imaginary part of the
DVCS amplitude combination ~M1;1, which is related to
the SPDs [7]. Not shown in Eq. (2) are other interference
terms that are suppressed by O(1/Q), but they involve
other φ-moments.
The data presented here were recorded during the
1996 and 1997 running periods of the HERMES experi-
ment using the 27.6 GeV HERA longitudinally polarized
positron beam at DESY [9]. The beam polarization was
continuously measured by Compton back scattering and
had an average value of 0.55 with a fractional uncertainty
of 3.8% [10,11]. The positrons were scattered o a hydro-
gen gas target [12]. Both unpolarized and spin-averaged
polarized-target data have been used in the analysis.
The scattered positrons and coincident photons were
detected by the HERMES spectrometer [13] in the polar-
angle range of 40 to 220 mrad. A positron trigger was
formed from a coincidence between three scintillator ho-
doscope planes and a lead-glass calorimeter. The trigger
required an energy of more than 3.5 GeV deposited in the
calorimeter. Charged particle identication was based on
information from four detectors: a threshold Cerenkov
counter, a transition radiation detector, a preshower scin-
tillator counter and a lead-glass calorimeter. The particle
identication provides an average positron identication
eciency of 99% with a hadron contamination of less
than 1%. Photons are identied by the detection of en-
ergy deposition in the calorimeter and preshower counter
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FIG. 2. The measured distribution of photons observed
in hard electroproduction versus the missing mass squared
Mx
2. In the upper panel the full kinematic range is dis-
played, while the low Mx
2 domain is shown in the lower
panel. The light-gray histogram represents the results
of a Monte-Carlo simulation in which fragmentation pro-
cesses and the Bethe-Heitler process are included, while the
dark-shaded histogram represents only the BH contribution.
The Monte-Carlo simulation includes the eect of the detector
resolution.
Events were selected if they contained only one
positron track with momentum larger than 3.5 GeV and
only one photon with an energy deposition greater than
0.8 GeV in the calorimeter. The following requirements
were imposed on the positron kinematics: Q2 > 1 GeV2,
W 2 > 4 GeV2, and ν < 24 GeV, where W denotes the
photon-nucleon invariant mass.
In Fig. 2, the missing mass distribution of the se-
lected events is compared to the results of a Monte-Carlo
(MC) simulation in which photons from fragmentation
processes in deep-inelastic scattering and from the BH
process are included. The missing mass is dened as
M2x = (q + Pp − k)2 with q, Pp and k being the four-
momenta of the virtual photon, the target nucleon and
the produced real photon, respectively. Due to the nite
momentum resolution of the spectrometer M2x may be
negative, in which case we dene Mx = −
√−M2x .
The MC calculation is normalized to the same num-
ber of deep-inelastically scattered positrons as were ob-
served inclusively in the experiment (about 5.1 million
DIS events), which corresponds to an integrated luminos-
ity of 104 pb−1. There is fairly good agreement between
the data and the MC results in the relevant kinematic
range of the photon spectrum. In the region of low miss-
ing mass, the main contribution is due to the BH process.
This result is consistent with the calculations of Ref. [14],
which show that the contribution of DVCS to the electro-
production of photons is less than 10% if applied to the
present kinematic regime. The smearing of the data to












FIG. 3. Beam-spin asymmetry ALU for hard electropro-
duction of photons as a function of the azimuthal angle φ.
The data correspond to the missing mass region between -1.5
and +1.7 GeV. The dashed curve represents a sin φ depen-
dence with an amplitude of 0.23, while the solid curve repre-
sents the result of an SPD calculation taken from Ref. [16].
The horizontal error bars represent the bin width, and the
error band below represents the systematic uncertainty.
The M2x spectrum is possibly contaminated by photon
pairs from pi0 decay that enter the same calorimeter seg-
ment and are misidentied as one photon. It may also
happen that one of the pi0 decay photons escapes de-
tection. These contaminations have been estimated in
the nominal exclusive region using a Monte-Carlo simu-
lation. It was found that pi0 mesons produced as frag-
mentation products in deep-inelastic scattering may con-
taminate the exclusive part of the photon spectrum by
6%. A separate Monte-Carlo generator was used to esti-
mate the contamination due to exclusive pi0 production,
which was found to be 2.5%. Taken together the total
contamination is estimated to be 8.5%.
The DVCS-BH interference terms can be extracted
from the dependence of the data on the azimuthal an-
gle φ. In order to have an almost full φ-coverage, events
were selected with 15 < θγγ∗ < 70 mrad, where θγγ∗
represents the angle between the directions of the virtual
photon and the real photon. A MC-simulation shows
that for angles smaller than 15 mrad, the granularity of
the calorimeter (9  9 cm2) is insucient to reliably de-
termine the angle φ. For angles larger than 70 mrad, the
φ-acceptance is restricted. The average φ-resolution in
the selected θγγ∗ range is about 0.14 rad.
In Fig. 3, the azimuthal dependence of the measured

























→+p → e+γ X
FIG. 4. The sin φ-moment Asinφ
±
LU as a function of the miss-
ing mass for positive beam helicity (circles), negative beam
helicity (squares) and the averaged helicity (open triangles).
A negative value is assigned to Mx if M
2
x < 0. The error bars
are statistical only. The systematic uncertainty is represented
by the error band at the bottom of the gure.
where N+ and N− represent the luminosity-normalized
yields of events with corresponding beam helicity states,
hjPlji is the average magnitude of the beam polarization,
and the subscripts L and U denote a longitudinally po-
larized beam and an unpolarized target. The data dis-
played in Fig. 3 have been selected requiring a missing
mass between -1.5 and +1.7 GeV, i.e. -3σ below and +1σ
above Mx = m, and represent 4015 events. An asym-
metric Mx-range was chosen to minimize the influence of
the DIS-fragmentation background while optimizing the
statistics. Both the proton and the (1232)-resonance
are included in the selected Mx range. However, the
data most likely originate from the exclusive nal state
with one proton, as elastic scattering dominates the BH
process at very low −t values [15]. The comparison of
the ALU data in Fig. 3 to a simple sinφ curve demon-
strates that the data have the φ-dependence expected
from Eq. (2). The SPD-model calculation of Ref. [16]
computed at the average kinematics of the present ex-
periment has also been displayed.
In order to be able to compare the φ-dependence of the
beam-spin asymmetry for various missing mass bins, the










where the superscript  refers to the helicity of the
positron beam. In Fig. 4 the extracted values of Asin
±
LU
are plotted versus the missing mass Mx for the two he-
licity states λBeam of the positron beam. The sign of the
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FIG. 5. The beam-spin analyzing power AsinφLU for hard
electroproduction of photons on hydrogen as a function of
the missing mass. The systematic uncertainty is represented
by the error band at the bottom of the gure.
agreement with the expectations for the helicity depen-
dence of the relevant DVCS-BH interference term. The
beam-spin averaged data are consistent with zero, which
is in agreement with the expectations for unpolarized
beam and target. The beam-spin averaged data can be
used to determine an upper limit of a possible false asym-
metry due to instrumental eects which | averaged for
Mx between -1.5 and +1.7 GeV | amounts to -0.03 
0.04.
As the data in Fig. 4 for the two beam-helicity states
contain the same physics information, they are combined









where N = N+ + N−. In contrast to Eq. (4), the sign
of the beam polarization is explicitly taken into account,
thus distinguishing the two helicity states. The results
are presented in Fig. 5 versus missing mass. All bins in
the missing mass region below Mx  2.5 GeV show a
similar negative asymmetry, while AsinLU approaches zero
for larger Mx values. As the missing-mass resolution of
the HERMES spectrometer for DVCS-like events is 
0.77 GeV, part of the exclusive data falls below or above
m. As a result the missing-mass bins left and right of
Mx = m also show a non-zero value of A
sin
LU in Fig. 5.
In order to evaluate the systematic uncertainty on
AsinLU several contributions were considered. The same
MC simulation described above has been used to esti-
mate the smearing eect on Asin LU , which was found to
be less than 5%. The systematic uncertainty associated
with smearing and beam polarization is represented by
the error bands displayed in Figs. 3, 4, 5. In the exclu-
sive region (-1.5 < Mx < 1.7 GeV), two additional con-
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tributions to the systematic uncertainty were considered.
Possible false asymmetries due to the BH process are at
most 2.6%, while the uncertainty due to the pi0 contam-
ination is estimated to be 12.5%. The total systematic
uncertainty at Mx  m amounts to 0.03. The quoted
instrumental false asymmetry has not been included in
this number as it cancels in AsinLU .
By combining the AsinLU data in the same Mx region as
was used for Fig. 3 (-1.5 < Mx < 1.7 GeV), an average
value of -0.23  0.04 (stat)  0.03 (syst) is obtained. The
average values of the kinematic variables corresponding
to this measurement are: hxi = 0.11, hQ2i = 2.6 GeV2
and h−ti = 0.27 GeV2. The measured beam-spin ana-
lyzing power is somewhat smaller than the value of -0.37
quoted in Ref. [16] for kinematics close to those of the
present experiment. The calculation of Ref. [16] includes
a twist-3 contribution, which was estimated to be less
than 5%, but has not been corrected for remaining BH-
contributions [17].
In summary, the beam-spin azimuthal asymmetry for
hard electroproduction of photons has been measured in
the missing mass (Mx) range up to 7 GeV. A non-zero
asymmetry is observed in the exclusive domain, i.e. for
Mx  1.7 GeV. The observed sinφ-moment of the data
has the beam-helicity dependence expected from inter-
ference between deeply-virtual Compton scattering and
the Bethe-Heitler process.
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